Smart thorium and uranium determination exploiting renewable solid-phase extraction applied to environmental samples in a wide concentration range by Avivar, Jessica et al.
1 
 
 
 
Analytical and Bioanalytical Chemistry 
 
 
Electronic Supplementary Material 
Smart thorium and uranium determination exploiting renewable 
solid phase extraction applied to environmental samples in a wide 
concentration range 
 
Jessica Avivar, Laura Ferrer, Montserrat Casas and Víctor Cerdà
2 
 
Additional optimization information 
 
Screening Thorium in Smart Th-U determination: 4 variables 
 
Screening Design Attributes 
 
Design class: Screening 
Design name: Factorial                    2^4         
         
Base Design 
Number of experimental factors: 4 
Number of blocks: 1 
Number of responses: 1 
Number of runs: 19, including 3 centerpoints per block 
Error degrees of freedom: 8 
Randomized: Yes 
 
 
Variable Encoded to decoded values 
-1 0 1 
Arsenazo III volume (mL) 0.1 0.55 1 
Arsenazo III concentration (%) 0.0001 0.00055 0.001 
HCl volume (mL) 1 1.5 2 
HCl concentration (mol L
-1
) 5 5.5 6 
 
Standardized Pareto Chart for Abs
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Main Effects Plot for Abs
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As can be seen at the pareto chart, the volume and the concentration of arsenazo are 
representative variables, so they will be optimize in a response surface design. However, the 
concentration and volume of hydrochloric acid are not representative variables so the minimum 
value of these will be taken as optimal for further investigations, because their contribution is 
negative so the lower they are the better the signal will be.  
 
Optimization of volume and concentration of Arsenazo-III 
 
Optimization of volume and concentration of Arsenazo-III, trying to reach a compromise 
between the minimal blank signal and the maximum absorbance. 
 
Central Composite Design  
Design class: Response Surface 
Design name: Central composite design: 2^2 + star     
Design characteristic: Face centered 
Factors:       2     Replicates:     1 
Base runs:    11     Total runs:    11 
Base blocks:   1     Total blocks:   1 
 
Two-level factorial: Full factorial 
 
Cube points:             4 
Center points in cube:   3 
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Axial points:            4 
Center points in axial:  0 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thorium  
Arsenazo III concentration 0.00035% 
Arsenazo III volume 0.75 mL 
HCl(eluent) concentration 5 mol L
-1 
HCl(eluent) volume 1 mL 
5 
 
Screening Uranium in Smart Th-U determination: 4 variables 
 
Screening Design Attributes 
Design class: Screening 
Design name: Factorial                    2^4         
 
Base Design 
Number of experimental factors: 4 
Number of blocks: 1 
Number of responses: 1 
Number of runs: 19, including 3 center points per block 
Error degrees of freedom: 8 
Randomized: Yes 
 
Variable Encoded to decoded values 
-1 0 1 
Arsenazo III volume (mL) 0.1 0.55 1 
Arsenazo III concentration (%) 0.0001 0.00055 0.001 
HCl volume (mL) 0.1 0.55 1 
HCl concentration (mol L
-1
) 0.01 0.03 0.05 
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Standardized Pareto Chart for Abs
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Interaction Plot for Abs
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As can be seen at the pareto chart, the volume, the concentration of arsenazo are representative 
variables. Although the volume and the concentration of hydrochloric acid are not representative 
variable at the pareto chart we decided to include them in the response surface optimization 
design, since they show interaction between them.  
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Optimization  
Optimization, trying to reach a compromise between the minimal blank signal and the maximum 
absorbance. 
 
 
Response Surface Design Attributes 
Design class: Response Surface 
Design name: Central composite design: 2^4 + star     
Design characteristic: Face centered 
 
Base Design 
Number of experimental factors: 4 
Number of blocks: 1 
Number of responses: 1 
Number of runs: 27, including 3 centerpoints per block 
Error degrees of freedom: 12 
Randomized: Yes 
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The buffer concentration was optimized in a previous work. 
 
Uranium  
Arsenazo III concentration 0.001% 
Arsenazo III volume 1 mL 
HCl(eluent) concentration 0.01 mol L
-1 
HCl(eluent) volume 1 mL 
Buffer concentration 0.5 mol L
-1 
